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Abstract
A potential non-invasive technique for identifying and tracking cancer is a liquid biopsy. This review article
provides a comprehensive overview of the principles, applications, and challenges associated with liquid
biopsies. The circulating tumour DNA (ctDNA), circulating tumour cells (CTCs), exosomes, and microRNAs
are just a few of the biomarkers we cover in this article that are discovered in liquid biopsies. The clinical
application of liquid biopsies in many stages of cancer management, including early cancer identification,
therapy selection and response monitoring, and minimum residual illness, is also investigated. The
technical advancements in liquid biopsy techniques, including digital polymerase chain reaction (dPCR) and
next-generation sequencing (NGS), have improved the sensitivity and specificity of biomarker identification.
Liquid biopsies require assistance with cost-effectiveness, sensitivity, and standardisation despite the
potential benefits. We talk about these restrictions and potential solutions. In conclusion, liquid biopsies
revolutionise personalised therapies and cancer diagnostics by providing a real-time, non-invasive tool for
characterising and monitoring tumours. It will be possible to expand the use of liquid biopsies in clinical
practises by having a better understanding of their current state and predicted future developments.
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Introduction And Background
A revolutionary technique for detecting and monitoring cancer is known as liquid biopsy. The identification
and analysis of biomarkers produced by various biofluids, such as blood, urine, or cerebrospinal fluid, is
made possible by the use of liquid biopsies. Traditional tissue biopsies, on the other hand, demand invasive
procedures. This non-invasive technique offers several benefits, including the possibility of early cancer
detection, the opportunity to track the efficacy of treatment in real-time, and the capacity to find any
minimally recurrent sickness [1]. The significance of non-invasive cancer screening and detection cannot be
overstated. It requires less intrusive procedures, makes cancer diagnostics more patient-friendly and
accessible, and makes routine monitoring of the disease's progression and the effectiveness of therapies
possible. Liquid biopsies have the potential to change clinical practises by offering vital insights into the
heterogeneity, evolution, and genetics of cancer that will assist to direct the development of individualised
treatment plans [2]. Numerous biomarkers, each with unique benefits and uses, are included in liquid
biopsies, including circulating tumour DNA (ctDNA), circulating tumour cells (CTCs), exosomes, and
microRNAs [3]. the likelihood of metastasis and the efficacy of treatment is possible using CTCs, which are
complete cancer cells that have detached from the parent tumour [4]. Exosomes are tiny vesicles generated
by cancer cells that have a wide range of molecular cargo, including nucleic acids and proteins, and can
provide information about the microenvironment around the tumour [5]. Small non-coding RNA molecules
also known as microRNAs have a role in gene regulation and can be used as powerful diagnostic and
prognostic biomarkers for cancer [6].

In this review article, we will explore the different types of biomarkers utilised in liquid biopsies along with
their clinical uses in various cancer types. We will discuss the technological advances in liquid biopsy
analysis, such as digital polymerase chain reaction (dPCR) and next-generation sequencing (NGS), and we'll
highlight the difficulties and constraints that still need to be solved before they can be widely used [7]. We
will also examine the legal and moral issues surrounding liquid biopsies and suggest future research avenues
and potential clinical application tactics [8].

Review
Methodology
A comprehensive literature search was conducted to identify relevant studies on liquid biopsies for cancer
detection and monitoring. The search was performed in major scientific databases, including PubMed, Web
of Science, Google Scholar, and Embase. The search was limited to articles published from January 2010 to
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September 2022 to ensure up-to-date information while capturing the significant developments in the field.
The following key terms and MeSH terms were used in various combinations: "liquid biopsy," "circulating
tumor DNA," "circulating tumor cells," "exosomes," "microRNAs," "cancer," "clinical applications," and
"diagnosis." Boolean operators (AND, OR) were utilised to refine the search and encompass relevant
variations of the terms. Inclusion criteria for the studies comprised peer-reviewed articles written in English,
focusing on the clinical applications of liquid biopsies in cancer diagnosis and monitoring. Exclusion criteria
encompassed studies that were not directly related to liquid biopsy applications, non-human studies, review
articles, conference abstracts, and studies without full-text availability. The initial screening of titles and
abstracts was carried out to eliminate irrelevant studies. Subsequently, a full-text assessment was conducted
to ascertain the studies' eligibility for final inclusion in the review. Following the screening process, a total of
79 articles were included in the final review. The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram (Figure 1) below illustrates the study selection process.

FIGURE 1: A flowchart of the methodology used for the review

Types of biomarkers in liquid biopsies
The detection and analysis of numerous biomarkers originating from tumours found in biofluids are made
possible by liquid biopsies. These biomarkers help with cancer diagnosis and surveillance by offering
essential insights into the genetic and molecular properties of the tumour. The most common types of
biomarkers found in liquid biopsies are the following:

ctDNA

ctDNA represents small fragments of tumour DNA released into the bloodstream by apoptotic or necrotic
tumour cells [2]. The examination of ctDNA can reveal information on several facets of cancer treatment. It
has demonstrated promise for the early detection of cancer, making it possible to detect tumour-specific
changes even at an early stage when tissue samples might not be practical [2]. In addition to monitoring
treatment response and identifying minimum residual disease, ctDNA analysis can also be used to determine
minimal residual conditions that may go undetected by conventional imaging techniques [9]. For the
detection and analysis of ctDNA, numerous techniques have been developed. Identifying particular
mutations and genomic changes is made possible by NGS methods such as targeted sequencing, whole-
exome sequencing, and whole-genome sequencing [10]. Another effective method for measuring ctDNA is
the dPCR, which has a high sensitivity and specificity for identifying uncommon mutant alleles [11].

CTCs

CTCs are intact cells detached from the primary tumour and entered the bloodstream. They stand for a
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discrete population of cells that can reveal important details about the traits of the tumour, its propensity
for metastasis, and its response to therapy. In the area of cancer research and clinical practice, there has
been a tremendous increase in interest in the study of CTCs in liquid biopsies. Various approaches,
including immunomagnetic separation, microfluidic devices, and filtration procedures, can isolate CTCs
from peripheral blood samples. Different molecular and cellular assays can be used to characterise CTCs
after they have been identified to learn more about their phenotypic, genetic variations, and functional
characteristics. A poor prognosis and an elevated risk of metastasis have been linked to the presence of CTCs
in the circulation in several cancer types, including breast, prostate, lung, and colorectal cancer [12,13].
Studies have demonstrated the predictive relevance of CTCs by establishing a correlation between more
significant CTC counts and advanced disease stages and worse treatment results [14]. Molecular profiling
and individualised treatment plans are other benefits of CTC analysis. CTCs can be examined for genetic
changes like mutations, amplifications, and deletions that may help choose which targeted medicines to use.
Additionally, examining the gene expression patterns in CTCs can shed light on the biology of the tumour
and aid in the identification of possible treatment targets [15].

Additionally, CTCs have been investigated to assess therapy efficacy and identify minimally residual disease
(MRD). Early indicators of therapy effectiveness or the formation of treatment resistance can be seen in
changes in CTC counts or phenotypic traits during or after treatment. Additionally, the persistence of CTCs
after the end of treatment may point to the development of MRD, necessitating additional therapy or more
stringent surveillance [16]. Functional analysis of CTCs can also reveal information about their capacity to
colonise metastatic sites, persist in circulation, and invade neighbouring tissues. This knowledge is essential
for comprehending the mechanisms underlying cancer spread and developing targeted therapies to stop the
metastatic process [17].

Exosomes

Multiple body fluids including blood, urine, saliva contain extracellular vesical secreted by tumour cell called
exosomes. Cancer diagnosis, prognosis, and treatment monitoring have become easy due to analysis of
exosomes that are found in liquid biopsies. Proteins, lipids, nucleic acids, and metabolites comprise the
cargo carried by exosomes, reflecting the parent cells' molecular features. They can deliver this cargo to
recipient cells, modifying cellular processes and affecting tumour development, invasion, and metastasis [5].
Exosomes from liquid biopsies can be isolated and characterised to acquire tumour-derived biomarkers and
learn more about the tumour microenvironment. Exosomes have the potential to serve as cancer detection
biomarkers, according to numerous research. In exosomes separated from patient samples, abnormal
expression of particular proteins, nucleic acids (such as microRNAs), and cancer-related mutations can be
found [18,19]. For example, exosomal microRNAs have shown promise in distinguishing between cancer and
healthy individuals and predicting prognosis in various cancer types, including breast, lung, and pancreatic
cancer [20,21].

MicroRNAs

Small non-coding RNA molecules called microRNAs (miRNAs) are essential for post-transcriptional gene
control. They have been linked to a number of biological functions, including growth, differentiation, and
the development of diseases like cancer. MiRNAs are desirable biomarkers for non-invasive cancer diagnosis
because they are stable in bodily fluids such as blood, urine, and saliva. Numerous studies have shown
specific miRNA signatures linked to various cancer types. For instance, miR-21 has been recommended as a
diagnostic and prognostic biomarker since it is often elevated in a number of malignancies, including breast,
lung, and colorectal cancer [22,23]. MiRNAs have the potential to aid in cancer biology research in addition
to helping in cancer diagnosis. A number of essential pathways connected to tumour development, invasion,
and metastasis are regulated by certain miRNAs. For instance, it is well known that members of the miR-200
family are essential for inhibiting metastasis and the epithelial-mesenchymal transition in various cancer
types [24].

Furthermore, miRNAs have demonstrated potential as prognostic indicators for therapy response.
Differences in miRNA expression patterns can reveal important details about the effectiveness of the
treatment and the evolution of drug resistance. For instance, miR-155 has been linked to chemotherapy
resistance in several malignancies, including breast and lung cancer [25,26]. Comprehensive miRNA
profiling in liquid biopsies is now possible due to the development of high-throughput methods like
microarray analysis and next-generation sequencing. These methods make finding miRNA signatures linked
to certain cancer types or clinical outcomes easier. There are still challenges in the standardisation of
sample collection, RNA extraction, and data analysis methods [27]. Characteristics, advantages, and
limitations of biomarkers in liquid biopsies are summarised in Table 1 [1,4,28-33].
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Biomarker Characteristics Advantages Limitations

CTCs Circulating tumor cells Captures tumor heterogeneity Rarity of CTCs, challenging isolation

ctDNA Fragments of tumor DNA Reflects genetic alterations
Low abundance in early-stage cancers, limited mutation
detection

Exosomes Small extracellular vesicles Carry tumour-specific molecules Heterogeneous composition, isolation challenges

microRNAs
Small non-coding RNA
molecules

Stable in biofluids, reflects tumor
state

Non-specific to tumors, influenced by other conditions

TABLE 1: Characteristics, advantages, and limitations of biomarkers in liquid biopsies
[1,4,28-33]

The table was created by the authors themselves.

Clinical applications of liquid biopsies
By providing non-invasive ways to gather critical genetic data, liquid biopsies have revolutionised the area
of cancer diagnoses and management. The following are some important clinical uses for liquid biopsies:

Early Detection of Cancer

Liquid biopsies provide a way to identify cancer in its earliest stages when it could be easier to cure. To find
genetic changes or tumour-specific markers linked to early-stage malignancies, physicians can examine
ctDNA and CTCs released into the circulation by tumours. This strategy has shown promise in identifying
lung, breast, colorectal, and other malignancies [2,28].

Treatment Selection and Personalised Medicine

By identifying specific genetic mutations, genetic alterations, or biomarkers in tumour cells, liquid biopsies
make it possible to pick treatments more precisely. Decisions about targeted therapy, such as choosing
certain tyrosine kinase inhibitors for individuals with epidermal growth factor receptor (EGFR) or anaplastic
lymphoma kinase (ALK) mutations in lung cancer mutations, might be aided by ctDNA analysis [34].

Monitoring Treatment Response

A dynamic evaluation of therapy response and disease progression is offered by liquid biopsies. To assess the
efficacy of treatment, changes in ctDNA levels or particular genetic alternations can be tracked. For
instance, a decline in ctDNA levels after therapy commencement implies a positive response, but an increase
may indicate resistance or a resurgence of the disease [9].

Detection of MRD

MRD, which is the existence of cancer cells or genetic material after the first therapy, may be found using
liquid biopsies. The risk of a disease recurrence or MRD can be assessed using ctDNA or CTC analysis.
Decisions on the necessity for additional therapy or surveillance can be guided by this information [7].

Technological advances in liquid biopsy analysis
NGS

As a powerful technique for analysing liquid biopsy samples, NGS enables a thorough and high-throughput
study of genetic changes and biomarkers. Here are several NGS-based liquid biopsy technology
advancements:

Targeted sequencing panels allow for concurrently investigating several genes or important genomic areas.
These panels enrich and capture the desired DNA fragments using specific probes or primers, followed by
NGS analysis. This method helps in detecting genetic modifications linked to neoplasms, like mutations,
amplifications, fusions, and other alterations. For various cancer types, including lung, breast, and
colorectal cancer, targeted sequencing panels have been created, offering a focused and economical method
for liquid biopsy analysis [35,36].
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Whole exome sequencing (WES) entails sequencing the exome or protein-coding portions of the genome.
WES provides for a thorough examination of coding mutations across hundreds of genes by collecting and
sequencing the exome. This method makes it possible to detect both well-known and undiscovered genetic
changes in liquid biopsy samples. WES has applications in terms of the identification of mutation which can
be treated and evaluation of more individualised therapeutic plans [37,38].

Whole genome sequencing (WGS) works on the principle of sequencing the complete genetic makeup and
offers a detailed outlook of the genetic environment. Mutations, structural abnormalities, and other
genomic rearrangements can be detected with the help of WGS using liquid biopsies samples. WGS is more
comprehensive than WES but uses more computing power and resources. Tumours’ clonal development and
genetic heterogeneity can be studied through WGS which help in planning more individualised treatment
plan [39,40].

Single-cell sequencing technologies have the potential to change the whole perspective of liquid biopsy
analysis by making it possible to study the detailed character of individual tumour cells. Individual CTCs or
isolated cells from liquid biopsy samples can be sequenced to identify unusual subpopulations, track clonal
development, and discover genetic changes. This method offers insight into intratumoral heterogeneity and
tumour development [41,42].

NGS may also be used to examine DNA methylation patterns in liquid biopsies, a process known as
"methylation profiling." Methylation profiling enables the identification of epigenetic alterations linked to
the onset and progression of cancer. Researchers can find aberrant methylation alterations in particular
areas or genes, which might be used as biomarkers for the diagnosis and prognosis of cancer [43,44].

Fusion gene detection is a process in which fusion genes originating from chromosomal rearrangements are
frequently seen in several forms of cancer. By identifying fusion genes in liquid biopsy samples using NGS-
based methods, tumorigenesis-related genomic changes might be better understood. Cancer diagnosis,
categorisation, and therapy choice can all be aided by fusion gene identification [45,46].

dPCR

dPCR enables exact and absolute measurement of nucleic acids in a sample [47]. It is a digital substitute for
conventional quantitative PCR (qPCR) techniques and has several benefits for analysing liquid biopsy
samples. The basic principles of dPCR are the same as those of traditional PCR, except that the PCR reaction
is divided into many smaller reactions or droplets, each containing a small number of template molecules
[11].

Single-Molecule Sequencing

Single-molecule sequencing methods, such as nanopore sequencing, enable the direct sequencing of
individual DNA or RNA molecules without the need for amplification. This technique enables the detection
of transcript isoforms, complex genomic rearrangements, and structural alterations in liquid biopsy
samples. Real-time sequencing and long-read capacity are advantages [48,49].

Mass Spectrometry-Based Techniques

For analysing liquid biopsies, mass spectrometry imaging (MSI) and liquid chromatography-mass
spectrometry (LC-MS) have gained popularity. MSI enables spatial profiling of proteins, peptides, and
metabolites in biofluids or tissue samples, providing details on molecular alterations and tumour
heterogeneity. LC-MS enables the identification and quantification of proteins, peptides, and small
molecules in liquid biopsy samples, opening the door to potential applications in finding biomarkers and
monitoring therapeutic response [50].

Techniques for Single-Cell Analysis

Certain cells within a varied population can be identified using single-cell analytic techniques like single-
cell proteomics and single-cell RNA sequencing (scRNA-seq). These methods make it possible to
characterise intratumoral heterogeneity, identify uncommon cell types, and examine cellular signalling
pathways in liquid biopsy samples. Understanding tumour biology, predicting therapy response, and
discovering therapeutic targets are all made possible by single-cell research [51,52].

Technological advances in liquid biopsy analysis with key features, advantages, limitations, sensitivity, and
specificity are summarised in Table 2 [53-59].
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Technology Key features Advantages Limitations Sensitivity Specificity

NGS
High-throughput sequencing
of DNA/RNA

Detection of various
genetic alterations

High-cost, complex data analysis High High

dPCR
Partitioning of target
molecules

Absolute quantification,
high sensitivity

Limited multiplexing capability,
lower throughput

High High

Mass
spectrometry

Detection and quantification of
proteins/peptides

Multiplex analysis, high
sensitivity

Requires target-specific assays,
limited coverage

High High

Antibody-
based assays

Detection of specific
proteins/antigens

Well-established, broad
target coverage

Limited multiplexing, dependence
on specific antibodies

Variable Variable

TABLE 2: Technological advances in liquid biopsy analysis
NGS: next-generation sequencing, dPCR: digital PCR, DNA: deoxyribonucleic acid, RNA: ribonucleic acid

[53-59]

The table was created by the authors themselves.

Biomarker detection and analysis methods
Sample Collection and Processing

The effectiveness of liquid biopsy analysis depends on using the proper sample collecting and processing
procedures. Liquid biopsies can be performed using a variety of biofluids, including blood, urine, saliva, and
cerebrospinal fluid. Appropriate collection procedures, including standardised protocols for blood draws or
urine collection, guarantee the preservation and stability of biomarkers during sample processing.
Additionally, it is essential to concentrate and extract biomarkers of interest from the sample using
optimised processing procedures, such as centrifugation, filtration, and isolation of certain components
(such as plasma, serum, and exosomes) [3,60].

Sensitivity and Specificity Consideration

Accurate and reliable analysis depends on the sensitivity and specificity of biomarker detection techniques.
Sensitivity describes a method's capacity to identify low-abundance biomarkers, whereas specificity assesses
how well it can distinguish the target biomarker from irrelevant signals. The sensitivity and specificity of
various methodologies, including PCR-based approaches, immunohistochemistry, mass spectrometry, and
NGS vary depending on the particular biomarkers and their concentration in the sample, as well as the
desired clinical application, the suitable detection method must be chosen [61,62].

Data Analysis and Interpretation

Reliable computational techniques and bioinformatics tools are needed to analyse and interpret liquid
biopsy data. Large-scale datasets produced by high-throughput methods must be processed, normalised, and
analysed to yield helpful information. Data preparation, variant calling, expression profiling, and statistical
analysis use bioinformatics pipelines and algorithms. A complete picture of the biomarker landscape may be
obtained by integrating several data types, including genomic, epigenomic, transcriptomic, and proteomic
data. Furthermore, the discovery of biomarker signatures, prediction models, and clinical decision support
systems is facilitated by enhanced data visualisation and machine learning methodologies [63,64].

Clinical utility and evidence in different cancer types
Lung Cancer

Liquid biopsies have demonstrated good therapeutic usefulness in the treatment of lung cancer. They make
it possible to identify therapeutically relevant mutations, including those affecting EGFR, ALK, and c-ros
oncogene 1 (ROS1) [65]. Additionally, liquid biopsies make it easier to track therapy effectiveness, find
sources of resistance, and determine the presence of minimal residual illness [3]. The therapeutic
application of liquid biopsy-derived mutations in lung cancer has been supported by several studies that
show agreement with tissue biopsy results [66,67].

Breast Cancer
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Non-invasive monitoring of breast cancer development and therapy response is provided via liquid biopsies.
They can identify gene mutations, including phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha (PIK3CA), human epidermal growth factor receptor 2 (HER2), and breast cancer gene 1/2
(BRCA1/2), providing crucial information for selecting a targeted therapy [68]. CTCs can also be utilised to
characterise phenotypes, foretell the possibility of metastatic spread, and determine prognosis [69].

Colorectal Cancer

Liquid biopsies have shown therapeutic value in detecting gene mutations, including Kirsten rat sarcoma
viral oncogene homolog (KRAS), neuroblastoma ras viral oncogene homolog (NRAS), and v-raf murine
sarcoma viral oncogene homolog B1 (BRAF), which help choose the best-targeted treatment [70]. They also
make it possible to measure therapy effectiveness, identify resistance mechanisms, and detect colorectal
cancer recurrence early [71]. ctDNA has demonstrated potential as a predictive colorectal cancer biomarker
associated with disease stage and survival results [72].

Prostate Cancer

Liquid biopsies have become essential resources in the treatment of prostate cancer. They can identify gene
mutations such as transmembrane protease, serine 2, gene-erythroblast transformation-specific-related
gene (TMPRSS2-ERG), androgen receptor (AR), and phosphatase and tensin (PTEN), which helps with risk
assessment and therapy selection [73]. Additionally, liquid biopsies provide non-invasive therapy response
monitoring, MRD detection, and identification of androgen receptor splice variants linked to resistance [74].
Additionally, in advanced prostate cancer, CTC enumeration and characterisation offer prognostic
information and direct therapeutic choice [75].

Haematological Cancers

Haematological cancers, such as leukaemia, lymphoma, and multiple myeloma, might benefit significantly
from liquid biopsies from a clinical standpoint. They facilitate diagnosis and risk classification by allowing
the identification of specific genetic abnormalities, such as gene fusions, mutations, and chromosomal
rearrangements. Additionally, liquid biopsies enable the tracking of minimally recurrent illness, treatment
efficacy, and the detection of clonal evolution or the establishment of resistance mutations. Additionally,
studying ctDNA and CTCs in cases of haematological malignancies offers hope for disease monitoring and
relapse prediction [76,77].

The significance of different biomarkers in the clinical outcomes of various cancer are summarised in Table
3 [3,65-77].

Type of
cancer

Biomarkers Significance Clinical outcome

Colorectal
cancer

ctDNA, CTCs
Detection of KRAS, BRAF mutations, NRAS,
and minimal residual disease

Selection of treatment, monitoring of treatment
response, assessment of minimal residual disease

Breast cancer ctDNA, CTCs
HER2 amplification, hormone receptor
status, detection of BRCA1/2, PIK3CA

Selection of treatment, monitoring of treatment
response, prediction of treatment resistance

Lung cancer ctDNA, CTCs  EGFR, ALK, and ROS1, treatment response
Early detection, treatment selection, monitoring of
treatment response

Prostate
cancer

ctDNA,
exosomes

Androgen receptor splice variant 7 (AR-V7),
TMPRSS2-ERG, AR, PTEN, treatment
response

Selection of treatment, monitoring of treatment
response, prediction of treatment resistance

Haematological
malignancies

ctDNA, CTCs,
exosomes,
microRNAs

Genetic mutations, MRD
Assessment of treatment response, assessment of
disease recurrence, monitoring of minimal residual
disease

TABLE 3: Significance of different biomarkers in clinical outcomes of various cancer
MRD: minimal residual disease, ctDNA: circulating tumour DNA, CTCs: circulating tumour cells

[3,65-77]

The table was created by the authors themselves.
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Challenges and limitations of liquid biopsies
Standardisation of Protocols

The lack of standardised protocols for sample collection, processing, and analysis poses a challenge in liquid
biopsies. Variations in pre-analytical and analytical methods can impact the accuracy and reproducibility of
results. Standardisation efforts are essential to guarantee consistent and dependable results across various
laboratories and clinical contexts [1].

Sensitivity for Low-Frequency Mutations

Liquid biopsies have difficulty identifying low-frequency mutations, especially in tumours in the early stages
or those with limited residual illness. Identification and precise quantification of uncommon genetic
abnormalities are difficult due to the low levels of ctDNA or CTCs in the blood. Their sensitivity must be
improved for liquid biopsy tests to be used more widely in cancer diagnosis and surveillance [78].

Considerations for Cost-Effectiveness

The price of liquid biopsy analysis, which includes sample collection, processing, and specialised laboratory
methods, may prevent its widespread use. A few technologies, including NGS, can be expensive and need
specialised infrastructure and knowledge. The requirement for recurrent testing and long-term monitoring
may further raise total costs [79]. For liquid biopsies to be helpful in everyday clinical practice, a balance
between cost-effectiveness and therapeutic usefulness must be struck.

Conclusions
Liquid biopsies have emerged as a promising approach for non-invasive cancer detection, monitoring, and
personalised treatment decision-making. Liquid biopsies provide several advantages over conventional
tissue biopsies, including their minimally invasive nature, ability to capture tumour heterogeneity, and
potential for longitudinal monitoring through the analysis of ctDNA, CTCs, exosomes, and microRNAs. In
this review, we discussed the several kinds of biomarkers used in liquid biopsies including ctDNA, CTCs,
exosomes, and microRNAs. Across a variety of cancer types, we investigated their involvement in cancer
diagnosis, prognosis, therapy selection, and monitoring. With encouraging outcomes in early identification,
treatment response evaluation, and detection of minimal residual illness, liquid biopsies are clinically
helpful in the treatment of lung cancer, breast cancer, colorectal cancer, prostate cancer, and
haematological malignancies. The area of liquid biopsies does, however, face challenges and limitations.
Standardising sample collecting, processing, and analysis procedures are crucial to guarantee accurate and
repeatable findings. Enhancing liquid biopsy tests' sensitivity and specificity is still a top objective,
especially for low-frequency mutations. The broad implementation of liquid biopsies depends on cost-
effectiveness evaluations and incorporation into standard clinical practice.

In conclusion, liquid biopsies have the potential to completely transform the way that cancer is treated by
offering non-invasive, continuous, and thorough molecular profiling. They provide new opportunities for
early cancer detection, individualised therapy selection, and treatment response tracking. Liquid biopsies are
set to become an essential component of conventional clinical practice with additional development,
standardisation, and regulatory clearances, eventually enhancing patient outcomes in cancer. The
remaining issues should be addressed in future studies, along with confirming the therapeutic value of
liquid biopsies in larger patient cohorts and incorporating them into clinical protocols and healthcare
systems. Realising the full potential of liquid biopsies and implementing them into better cancer treatment
requires collaboration between academics, doctors, regulatory agencies, and industry players.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Heitzer E, Haque IS, Roberts CE, Speicher MR: Current and future perspectives of liquid biopsies in

genomics-driven oncology. Nat Rev Genet. 2019, 20:71-88. 10.1038/s41576-018-0071-5
2. Abbosh C, Birkbak NJ, Wilson GA, et al.: Phylogenetic ctDNA analysis depicts early-stage lung cancer

evolution. Nature. 2017, 545:446-51. 10.1038/nature22364
3. Siravegna G, Marsoni S, Siena S, Bardelli A: Integrating liquid biopsies into the management of cancer . Nat

Rev Clin Oncol. 2017, 14:531-48. 10.1038/nrclinonc.2017.14

2023 Shegekar et al. Cureus 15(8): e43650. DOI 10.7759/cureus.43650 8 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1038/s41576-018-0071-5
https://dx.doi.org/10.1038/s41576-018-0071-5
https://dx.doi.org/10.1038/nature22364
https://dx.doi.org/10.1038/nature22364
https://dx.doi.org/10.1038/nrclinonc.2017.14
https://dx.doi.org/10.1038/nrclinonc.2017.14


4. Pantel K, Alix-Panabières C: Liquid biopsy and minimal residual disease - latest advances and implications
for cure. Nat Rev Clin Oncol. 2019, 16:409-24. 10.1038/s41571-019-0187-3

5. Kalluri R: The biology and function of exosomes in cancer . J Clin Invest. 2016, 126:1208-15.
10.1172/JCI81135

6. Shen J, Todd NW, Zhang H, et al.: Plasma microRNAs as potential biomarkers for non-small-cell lung
cancer. Lab Invest. 2011, 91:579-87. 10.1038/labinvest.2010.194

7. Crowley E, Di Nicolantonio F, Loupakis F, Bardelli A: Liquid biopsy: monitoring cancer-genetics in the
blood. Nat Rev Clin Oncol. 2013, 10:472-84. 10.1038/nrclinonc.2013.110

8. Heitzer E, Perakis S, Geigl JB, Speicher MR: The potential of liquid biopsies for the early detection of cancer .
NPJ Precis Oncol. 2017, 1:36. 10.1038/s41698-017-0039-5

9. Diehl F, Schmidt K, Choti MA, et al.: Circulating mutant DNA to assess tumor dynamics . Nat Med. 2008,
14:985-90. 10.1038/nm.1789

10. Wan JCM, Massie C, Garcia-Corbacho J, et al.: Liquid biopsies come of age: towards implementation of
circulating tumour DNA. Nat Rev Cancer. 2017, 17:223-38.

11. Hindson BJ, Ness KD, Masquelier DA, et al.: High-throughput droplet digital PCR system for absolute
quantitation of DNA copy number. Anal Chem. 2011, 83:8604-10. 10.1021/ac202028g

12. de Bono JS, Scher HI, Montgomery RB, et al.: Circulating tumor cells predict survival benefit from treatment
in metastatic castration-resistant prostate cancer. Clin Cancer Res. 2008, 14:6302-9. 10.1158/1078-
0432.CCR-08-0872

13. Pantel K, Alix-Panabières C: Circulating tumour cells in cancer patients: challenges and perspectives .
Trends Mol Med. 2010, 16:398-406. 10.1016/j.molmed.2010.07.001

14. Cristofanilli M, Hayes DF, Budd GT, et al.: Circulating tumor cells: a novel prognostic factor for newly
diagnosed metastatic breast cancer. J Clin Oncol. 2005, 23:1420-30. 10.1200/JCO.2005.08.140

15. Gorges TM, Pantel K: Circulating tumor cells as therapy-related biomarkers in cancer patients . Cancer
Immunol Immunother. 2013, 62:931-9. 10.1007/s00262-012-1387-1

16. Bidard FC, Michiels S, Riethdorf S, et al.: Circulating tumor cells in breast cancer patients treated by
neoadjuvant chemotherapy: a meta-analysis. J Natl Cancer Inst. 2018, 110:560-7. 10.1093/jnci/djy018

17. Aceto N, Bardia A, Miyamoto DT, et al.: Circulating tumor cell clusters are oligoclonal precursors of breast
cancer metastasis. Cell. 2014, 158:1110-22. 10.1016/j.cell.2014.07.013

18. Thakur BK, Zhang H, Becker A, et al.: Double-stranded DNA in exosomes: a novel biomarker in cancer
detection. Cell Res. 2014, 24:766-9. 10.1038/cr.2014.44

19. Nilsson J, Skog J, Nordstrand A, Baranov V, Mincheva-Nilsson L, Breakefield XO, Widmark A: Prostate
cancer-derived urine exosomes: a novel approach to biomarkers for prostate cancer. Br J Cancer. 2009,
100:1603-7. 10.1038/sj.bjc.6605058

20. Madhavan B, Yue S, Galli U, et al.: Combined evaluation of a panel of protein and miRNA serum-exosome
biomarkers for pancreatic cancer diagnosis increases sensitivity and specificity. Int J Cancer. 2015,
136:2616-27. 10.1002/ijc.29324

21. Sohel MH: Extracellular/circulating MicroRNAs: release mechanisms, functions and challenges. Adv Life Sci.
2016, 10:175-86. 10.1016/j.als.2016.11.007

22. Calin GA, Sevignani C, Dumitru CD, et al.: Human microRNA genes are frequently located at fragile sites and
genomic regions involved in cancers. Proc Natl Acad Sci U S A. 2004, 101:2999-3004.
10.1073/pnas.0307323101

23. Wu H, Zhu S, Mo YY: Suppression of cell growth and invasion by miR-205 in breast cancer . Cell Res. 2009,
19:439-48. 10.1038/cr.2009.18

24. Gregory PA, Bert AG, Paterson EL, et al.: The miR-200 family and miR-205 regulate epithelial to
mesenchymal transition by targeting ZEB1 and SIP1. Nat Cell Biol. 2008, 10:593-601. 10.1038/ncb1722

25. Miller TE, Ghoshal K, Ramaswamy B, et al.: MicroRNA-221/222 confers tamoxifen resistance in breast
cancer by targeting p27Kip1. J Biol Chem. 2008, 283:29897-903. 10.1074/jbc.M804612200

26. Markou A, Tsaroucha EG, Kaklamanis L, Fotinou M, Georgoulias V, Lianidou ES: Prognostic value of mature
microRNA-21 and microRNA-205 overexpression in non-small cell lung cancer by quantitative real-time
RT-PCR. Clin Chem. 2008, 54:1696-704. 10.1373/clinchem.2007.101741

27. Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-Berestein G, Sood AK, Calin GA: MicroRNAs in body fluids--the
mix of hormones and biomarkers. Nat Rev Clin Oncol. 2011, 8:467-77. 10.1038/nrclinonc.2011.76

28. Alix-Panabières C, Pantel K: Challenges in circulating tumour cell research . Nat Rev Cancer. 2014, 14:623-
31. 10.1038/nrc3820

29. Bettegowda C, Sausen M, Leary RJ, et al.: Detection of circulating tumor DNA in early- and late-stage
human malignancies. Sci Transl Med. 2014, 6:224ra24.

30. Kahlert C, Melo SA, Protopopov A, et al.: Identification of double-stranded genomic DNA spanning all
chromosomes with mutated KRAS and p53 DNA in the serum exosomes of patients with pancreatic cancer. J
Biol Chem. 2014, 289:3869-75. 10.1074/jbc.C113.532267

31. Liang B, Peng P, Chen S, et al.: Characterization and proteomic analysis of ovarian cancer-derived
exosomes. J Proteomics. 2013, 80:171-82. 10.1016/j.jprot.2012.12.029

32. Mitchell PS, Parkin RK, Kroh EM, et al.: Circulating microRNAs as stable blood-based markers for cancer
detection. Proc Natl Acad Sci U S A. 2008, 105:10513-8. 10.1073/pnas.0804549105

33. Schwarzenbach H, Nishida N, Calin GA, Pantel K: Clinical relevance of circulating cell-free microRNAs in
cancer. Nat Rev Clin Oncol. 2014, 11:145-56. 10.1038/nrclinonc.2014.5

34. Oxnard GR, Thress KS, Alden RS, et al.: Association between plasma genotyping and outcomes of treatment
with osimertinib (AZD9291) in advanced non-small-cell lung cancer. J Clin Oncol. 2016, 34:3375-82.
10.1200/JCO.2016.66.7162

35. Schwaederle M, Husain H, Fanta PT, et al.: Detection rate of actionable mutations in diverse cancers using a
biopsy-free (blood) circulating tumor cell DNA assay. Oncotarget. 2016, 7:9707-17.
10.18632/oncotarget.7110

36. Douillard JY, Ostoros G, Cobo M, et al.: Gefitinib treatment in EGFR mutated caucasian NSCLC: circulating-
free tumor DNA as a surrogate for determination of EGFR status. J Thorac Oncol. 2014, 9:1345-53.

2023 Shegekar et al. Cureus 15(8): e43650. DOI 10.7759/cureus.43650 9 of 11

https://dx.doi.org/10.1038/s41571-019-0187-3
https://dx.doi.org/10.1038/s41571-019-0187-3
https://dx.doi.org/10.1172/JCI81135
https://dx.doi.org/10.1172/JCI81135
https://dx.doi.org/10.1038/labinvest.2010.194
https://dx.doi.org/10.1038/labinvest.2010.194
https://dx.doi.org/10.1038/nrclinonc.2013.110
https://dx.doi.org/10.1038/nrclinonc.2013.110
https://dx.doi.org/10.1038/s41698-017-0039-5
https://dx.doi.org/10.1038/s41698-017-0039-5
https://dx.doi.org/10.1038/nm.1789
https://dx.doi.org/10.1038/nm.1789
https://www.nature.com/articles/nrc.2017.7
https://dx.doi.org/10.1021/ac202028g
https://dx.doi.org/10.1021/ac202028g
https://dx.doi.org/10.1158/1078-0432.CCR-08-0872
https://dx.doi.org/10.1158/1078-0432.CCR-08-0872
https://dx.doi.org/10.1016/j.molmed.2010.07.001
https://dx.doi.org/10.1016/j.molmed.2010.07.001
https://dx.doi.org/10.1200/JCO.2005.08.140
https://dx.doi.org/10.1200/JCO.2005.08.140
https://dx.doi.org/10.1007/s00262-012-1387-1
https://dx.doi.org/10.1007/s00262-012-1387-1
https://dx.doi.org/10.1093/jnci/djy018
https://dx.doi.org/10.1093/jnci/djy018
https://dx.doi.org/10.1016/j.cell.2014.07.013
https://dx.doi.org/10.1016/j.cell.2014.07.013
https://dx.doi.org/10.1038/cr.2014.44
https://dx.doi.org/10.1038/cr.2014.44
https://dx.doi.org/10.1038/sj.bjc.6605058
https://dx.doi.org/10.1038/sj.bjc.6605058
https://dx.doi.org/10.1002/ijc.29324
https://dx.doi.org/10.1002/ijc.29324
https://dx.doi.org/10.1016/j.als.2016.11.007
https://dx.doi.org/10.1016/j.als.2016.11.007
https://dx.doi.org/10.1073/pnas.0307323101
https://dx.doi.org/10.1073/pnas.0307323101
https://dx.doi.org/10.1038/cr.2009.18
https://dx.doi.org/10.1038/cr.2009.18
https://dx.doi.org/10.1038/ncb1722
https://dx.doi.org/10.1038/ncb1722
https://dx.doi.org/10.1074/jbc.M804612200
https://dx.doi.org/10.1074/jbc.M804612200
https://dx.doi.org/10.1373/clinchem.2007.101741
https://dx.doi.org/10.1373/clinchem.2007.101741
https://dx.doi.org/10.1038/nrclinonc.2011.76
https://dx.doi.org/10.1038/nrclinonc.2011.76
https://dx.doi.org/10.1038/nrc3820
https://dx.doi.org/10.1038/nrc3820
https://pubmed.ncbi.nlm.nih.gov/24553385/
https://dx.doi.org/10.1074/jbc.C113.532267
https://dx.doi.org/10.1074/jbc.C113.532267
https://dx.doi.org/10.1016/j.jprot.2012.12.029
https://dx.doi.org/10.1016/j.jprot.2012.12.029
https://dx.doi.org/10.1073/pnas.0804549105
https://dx.doi.org/10.1073/pnas.0804549105
https://dx.doi.org/10.1038/nrclinonc.2014.5
https://dx.doi.org/10.1038/nrclinonc.2014.5
https://dx.doi.org/10.1200/JCO.2016.66.7162
https://dx.doi.org/10.1200/JCO.2016.66.7162
https://dx.doi.org/10.18632/oncotarget.7110
https://dx.doi.org/10.18632/oncotarget.7110
https://dx.doi.org/10.1097/JTO.0000000000000263


10.1097/JTO.0000000000000263
37. Murtaza M, Dawson SJ, Tsui DW, et al.: Non-invasive analysis of acquired resistance to cancer therapy by

sequencing of plasma DNA. Nature. 2013, 497:108-12. 10.1038/nature12065
38. Salk JJ, Fox EJ, Loeb LA: Mutational heterogeneity in human cancers: origin and consequences. Annu Rev

Pathol. 2010, 5:51-75. 10.1146/annurev-pathol-121808-102113
39. Gerstung M, Beisel C, Rechsteiner M, Wild P, Schraml P, Moch H, Beerenwinkel N: Reliable detection of

subclonal single-nucleotide variants in tumour cell populations. Nat Commun. 2012, 3:811.
10.1038/ncomms1814

40. DePristo MA, Banks E, Poplin R, et al.: A framework for variation discovery and genotyping using next-
generation DNA sequencing data. Nat Genet. 2011, 43:491-8. 10.1038/ng.806

41. Gawad C, Koh W, Quake SR: Single-cell genome sequencing: current state of the science . Nat Rev Genet.
2016, 17:175-88. 10.1038/nrg.2015.16

42. Wang Y, Waters J, Leung ML, et al.: Clonal evolution in breast cancer revealed by single nucleus genome
sequencing. Nature. 2014, 512:155-60. 10.1038/nature13600

43. Sproul D, Meehan RR: Genomic insights into cancer-associated aberrant CpG island hypermethylation . Brief
Funct Genomics. 2013, 12:174-90. 10.1093/bfgp/els063

44. Looijenga LH, Hersmus R, Gillis AJ, et al.: Genomic and expression profiling of human spermatocytic
seminomas: primary spermatocyte as tumorigenic precursor and DMRT1 as candidate chromosome 9 gene.
Cancer Res. 2006, 66:290-302. 10.1158/0008-5472.CAN-05-2936

45. Kim HP, Cho GA, Han SW, et al.: Novel fusion transcripts in human gastric cancer revealed by transcriptome
analysis. Oncogene. 2014, 33:5434-41. 10.1038/onc.2013.490

46. Parker BC, Zhang W: Fusion genes in solid tumors: an emerging target for cancer diagnosis and treatment .
Chin J Cancer. 2013, 32:594-603. 10.5732/cjc.013.10178

47. Whale AS, Devonshire AS, Karlin-Neumann G, et al.: International interlaboratory digital PCR study
demonstrating high reproducibility for the measurement of a rare sequence variant. Anal Chem. 2017,
89:1724-33. 10.1021/acs.analchem.6b03980

48. Jain M, Olsen HE, Paten B, Akeson M: The Oxford Nanopore MinION: delivery of nanopore sequencing to
the genomics community. Genome Biol. 2016, 17:239. 10.1186/s13059-016-1103-0

49. Fankhauser R, Chang M, Garrison Z, et al.: Single-cell identification of melanoma biomarkers in circulating
tumor cells. Cancers (Basel). 2022, 14:4921. 10.3390/cancers14194921

50. Chughtai K, Jiang L, Greenwood TR, Glunde K, Heeren RM: Mass spectrometry images acylcarnitines,
phosphatidylcholines, and sphingomyelin in MDA-MB-231 breast tumor models. J Lipid Res. 2013, 54:333-
44. 10.1194/jlr.M027961

51. Macaulay IC, Ponting CP, Voet T: Single-cell multiomics: multiple measurements from single cells . Trends
Genet. 2017, 33:155-68. 10.1016/j.tig.2016.12.003

52. Simonsen JL, Rosada C, Serakinci N, et al.: Telomerase expression extends the proliferative life-span and
maintains the osteogenic potential of human bone marrow stromal cells. Nat Biotechnol. 2002, 20:592-6.
10.1038/nbt0602-592

53. Shendure J, Ji H: Next-generation DNA sequencing. Nat Biotechnol. 2008, 26:1135-45. 10.1038/nbt1486
54. Cheng DT, Mitchell TN, Zehir A, et al.: Memorial sloan kettering-integrated mutation profiling of actionable

cancer targets (MSK-IMPACT): a hybridization capture-based next-generation sequencing clinical assay for
solid tumor molecular oncology. J Mol Diagn. 2015, 17:251-64. 10.1016/j.jmoldx.2014.12.006

55. Whale AS, Huggett JF, Cowen S, et al.: Comparison of microfluidic digital PCR and conventional
quantitative PCR for measuring copy number variation. Nucleic Acids Res. 2012, 40:e82. 10.1093/nar/gks203

56. Hindson CM, Chevillet JR, Briggs HA, et al.: Absolute quantification by droplet digital PCR versus analog
real-time PCR. Nat Methods. 2013, 10:1003-5. 10.1038/nmeth.2633

57. Aebersold R, Mann M: Mass-spectrometric exploration of proteome structure and function . Nature. 2016,
537:347-55. 10.1038/nature19949

58. Hortin GL: The MALDI-TOF mass spectrometric view of the plasma proteome and peptidome . Clin Chem.
2006, 52:1223-37. 10.1373/clinchem.2006.069252

59. Rucker VC, Havenstrite KL, Herr AE: Antibody microarrays for native toxin detection . Anal Biochem. 2005,
339:262-70. 10.1016/j.ab.2005.01.030

60. Martins I, Ribeiro IP, Jorge J, Gonçalves AC, Sarmento-Ribeiro AB, Melo JB, Carreira IM: Liquid biopsies:
applications for cancer diagnosis and monitoring. Genes (Basel). 2021, 12:349. 10.3390/genes12030349

61. Kwapisz D: The first liquid biopsy test approved. Is it a new era of mutation testing for non-small cell lung
cancer?. Ann Transl Med. 2017, 5:46. 10.21037/atm.2017.01.32

62. Cheng F, Su L, Qian C: Circulating tumor DNA: a promising biomarker in the liquid biopsy of cancer .
Oncotarget. 2016, 7:48832-41. 10.18632/oncotarget.9453

63. Roychowdhury S, Iyer MK, Robinson DR, et al.: Personalized oncology through integrative high-throughput
sequencing: a pilot study. Sci Transl Med. 2011, 3:111ra121. 10.1126/scitranslmed.3003161

64. Haibe-Kains B, El-Hachem N, Birkbak NJ, Jin AC, Beck AH, Aerts HJ, Quackenbush J: Inconsistency in large
pharmacogenomic studies. Nature. 2013, 504:389-93. 10.1038/nature12831

65. Rolfo C, Mack PC, Scagliotti GV, et al.: Liquid Biopsy for Advanced Non-Small Cell Lung Cancer (NSCLC): a
statement paper from the IASLC. J Thorac Oncol. 2018, 13:1248-68. 10.1016/j.jtho.2018.05.030

66. Oxnard GR, Paweletz CP, Kuang Y, et al.: Noninvasive detection of response and resistance in EGFR-mutant
lung cancer using quantitative next-generation genotyping of cell-free plasma DNA. Clin Cancer Res. 2014,
20:1698-705. 10.1158/1078-0432.CCR-13-2482

67. Aggarwal C, Thompson JC, Black TA, et al.: Clinical implications of plasma-based genotyping with the
delivery of personalized therapy in metastatic non-small cell lung cancer. JAMA Oncol. 2019, 5:173-80.
10.1001/jamaoncol.2018.4305

68. Schwaederlé MC, Patel SP, Husain H, et al.: Utility of genomic assessment of blood-derived circulating
tumor DNA (ctDNA) in patients with advanced lung adenocarcinoma. Clin Cancer Res. 2017, 23:5101-11.
10.1158/1078-0432.CCR-16-2497

69. Rack B, Schindlbeck C, Jückstock J, et al.: Circulating tumor cells predict survival in early average-to-high

2023 Shegekar et al. Cureus 15(8): e43650. DOI 10.7759/cureus.43650 10 of 11

https://dx.doi.org/10.1097/JTO.0000000000000263
https://dx.doi.org/10.1038/nature12065
https://dx.doi.org/10.1038/nature12065
https://dx.doi.org/10.1146/annurev-pathol-121808-102113
https://dx.doi.org/10.1146/annurev-pathol-121808-102113
https://dx.doi.org/10.1038/ncomms1814
https://dx.doi.org/10.1038/ncomms1814
https://dx.doi.org/10.1038/ng.806
https://dx.doi.org/10.1038/ng.806
https://dx.doi.org/10.1038/nrg.2015.16
https://dx.doi.org/10.1038/nrg.2015.16
https://dx.doi.org/10.1038/nature13600
https://dx.doi.org/10.1038/nature13600
https://dx.doi.org/10.1093/bfgp/els063
https://dx.doi.org/10.1093/bfgp/els063
https://dx.doi.org/10.1158/0008-5472.CAN-05-2936
https://dx.doi.org/10.1158/0008-5472.CAN-05-2936
https://dx.doi.org/10.1038/onc.2013.490
https://dx.doi.org/10.1038/onc.2013.490
https://dx.doi.org/10.5732/cjc.013.10178
https://dx.doi.org/10.5732/cjc.013.10178
https://dx.doi.org/10.1021/acs.analchem.6b03980
https://dx.doi.org/10.1021/acs.analchem.6b03980
https://dx.doi.org/10.1186/s13059-016-1103-0
https://dx.doi.org/10.1186/s13059-016-1103-0
https://dx.doi.org/10.3390/cancers14194921
https://dx.doi.org/10.3390/cancers14194921
https://dx.doi.org/10.1194/jlr.M027961
https://dx.doi.org/10.1194/jlr.M027961
https://dx.doi.org/10.1016/j.tig.2016.12.003
https://dx.doi.org/10.1016/j.tig.2016.12.003
https://dx.doi.org/10.1038/nbt0602-592
https://dx.doi.org/10.1038/nbt0602-592
https://dx.doi.org/10.1038/nbt1486
https://dx.doi.org/10.1038/nbt1486
https://dx.doi.org/10.1016/j.jmoldx.2014.12.006
https://dx.doi.org/10.1016/j.jmoldx.2014.12.006
https://dx.doi.org/10.1093/nar/gks203
https://dx.doi.org/10.1093/nar/gks203
https://dx.doi.org/10.1038/nmeth.2633
https://dx.doi.org/10.1038/nmeth.2633
https://dx.doi.org/10.1038/nature19949
https://dx.doi.org/10.1038/nature19949
https://dx.doi.org/10.1373/clinchem.2006.069252
https://dx.doi.org/10.1373/clinchem.2006.069252
https://dx.doi.org/10.1016/j.ab.2005.01.030
https://dx.doi.org/10.1016/j.ab.2005.01.030
https://dx.doi.org/10.3390/genes12030349
https://dx.doi.org/10.3390/genes12030349
https://dx.doi.org/10.21037/atm.2017.01.32
https://dx.doi.org/10.21037/atm.2017.01.32
https://dx.doi.org/10.18632/oncotarget.9453
https://dx.doi.org/10.18632/oncotarget.9453
https://dx.doi.org/10.1126/scitranslmed.3003161
https://dx.doi.org/10.1126/scitranslmed.3003161
https://dx.doi.org/10.1038/nature12831
https://dx.doi.org/10.1038/nature12831
https://dx.doi.org/10.1016/j.jtho.2018.05.030
https://dx.doi.org/10.1016/j.jtho.2018.05.030
https://dx.doi.org/10.1158/1078-0432.CCR-13-2482
https://dx.doi.org/10.1158/1078-0432.CCR-13-2482
https://dx.doi.org/10.1001/jamaoncol.2018.4305
https://dx.doi.org/10.1001/jamaoncol.2018.4305
https://dx.doi.org/10.1158/1078-0432.CCR-16-2497
https://dx.doi.org/10.1158/1078-0432.CCR-16-2497
https://dx.doi.org/10.1093/jnci/dju066


risk breast cancer patients. J Natl Cancer Inst. 2014, 106:dju066. 10.1093/jnci/dju066
70. Siravegna G, Mussolin B, Venesio T, et al.: How liquid biopsies can change clinical practice in oncology . Ann

Oncol. 2019, 30:1580-90. 10.1093/annonc/mdz227
71. Reinert T, Henriksen TV, Christensen E, et al.: Analysis of plasma cell-free DNA by ultradeep sequencing in

patients with stages I to III colorectal cancer. JAMA Oncol. 2019, 5:1124-31. 10.1001/jamaoncol.2019.0528
72. Vidal J, Muinelo L, Dalmases A, et al.: Plasma ctDNA RAS mutation analysis for the diagnosis and treatment

monitoring of metastatic colorectal cancer patients. Ann Oncol. 2017, 28:1325-32. 10.1093/annonc/mdx125
73. Wyatt AW, Azad AA, Volik SV, et al.: Genomic alterations in cell-free DNA and enzalutamide resistance in

castration-resistant prostate cancer. JAMA Oncol. 2016, 2:1598-606. 10.1001/jamaoncol.2016.0494
74. Conteduca V, Wetterskog D, Sharabiani MT, et al.: Androgen receptor gene status in plasma DNA associates

with worse outcome on enzalutamide or abiraterone for castration-resistant prostate cancer: a multi-
institution correlative biomarker study. Ann Oncol. 2017, 28:1508-16. 10.1093/annonc/mdx155

75. Scher HI, Jia X, de Bono JS, Fleisher M, Pienta KJ, Raghavan D, Heller G: Circulating tumour cells as
prognostic markers in progressive, castration-resistant prostate cancer: a reanalysis of IMMC38 trial data.
Lancet Oncol. 2009, 10:233-9. 10.1016/S1470-2045(08)70340-1

76. Kurtz DM, Esfahani MS, Scherer F, et al.: Dynamic risk profiling using serial tumor biomarkers for
personalized outcome prediction. Cell. 2019, 178:699-713.e19. 10.1016/j.cell.2019.06.011

77. Ulivi P, Petracci E, Canale M, et al.: Liquid biopsy for EGFR mutation analysis in advanced non-small-cell
lung cancer patients: thoughts drawn from a real-life experience. Biomedicines. 2021, 9:1299.
10.3390/biomedicines9101299

78. Wang R, Li X, Zhang H, Wang K, He J: Cell-free circulating tumor DNA analysis for breast cancer and its
clinical utilization as a biomarker. Oncotarget. 2017, 8:75742-55. 10.18632/oncotarget.20608

79. Lim SB, Di Lee W, Vasudevan J, Lim WT, Lim CT: Liquid biopsy: one cell at a time . NPJ Precis Oncol. 2019,
3:23. 10.1038/s41698-019-0095-0

2023 Shegekar et al. Cureus 15(8): e43650. DOI 10.7759/cureus.43650 11 of 11

https://dx.doi.org/10.1093/jnci/dju066
https://dx.doi.org/10.1093/annonc/mdz227
https://dx.doi.org/10.1093/annonc/mdz227
https://dx.doi.org/10.1001/jamaoncol.2019.0528
https://dx.doi.org/10.1001/jamaoncol.2019.0528
https://dx.doi.org/10.1093/annonc/mdx125
https://dx.doi.org/10.1093/annonc/mdx125
https://dx.doi.org/10.1001/jamaoncol.2016.0494
https://dx.doi.org/10.1001/jamaoncol.2016.0494
https://dx.doi.org/10.1093/annonc/mdx155
https://dx.doi.org/10.1093/annonc/mdx155
https://dx.doi.org/10.1016/S1470-2045(08)70340-1
https://dx.doi.org/10.1016/S1470-2045(08)70340-1
https://dx.doi.org/10.1016/j.cell.2019.06.011
https://dx.doi.org/10.1016/j.cell.2019.06.011
https://dx.doi.org/10.3390/biomedicines9101299
https://dx.doi.org/10.3390/biomedicines9101299
https://dx.doi.org/10.18632/oncotarget.20608
https://dx.doi.org/10.18632/oncotarget.20608
https://dx.doi.org/10.1038/s41698-019-0095-0
https://dx.doi.org/10.1038/s41698-019-0095-0

	The Emerging Role of Liquid Biopsies in Revolutionising Cancer Diagnosis and Therapy
	Abstract
	Introduction And Background
	Review
	Methodology
	FIGURE 1: A flowchart of the methodology used for the review

	Types of biomarkers in liquid biopsies
	TABLE 1: Characteristics, advantages, and limitations of biomarkers in liquid biopsies

	Clinical applications of liquid biopsies
	Technological advances in liquid biopsy analysis
	TABLE 2: Technological advances in liquid biopsy analysis

	Biomarker detection and analysis methods
	Clinical utility and evidence in different cancer types
	TABLE 3: Significance of different biomarkers in clinical outcomes of various cancer

	Challenges and limitations of liquid biopsies

	Conclusions
	Additional Information
	Disclosures

	References


